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What is the uncertainty in MODIS aerosol optical depth in the vicinity of clouds ? 
	
•  MODIS	 dark-target	 (DT)	 algorithm	 retrieves	
aerosol	op:cal	depth	(AOD)	using	a	Look	Up	Table	
(LUT)	approach	




•  For	 retrievals	 that	 are	 biased	 high	 compared	 to	
AERONET,	 here	 we	 aim	 to	 closely	 examine	 the	
contribu:on	of	 biases	 due	 to	 presence	 of	 clouds	
and	per-pixel	retrieval	uncertainty	
• 	Develop	sta:s:cs	and	perform	a	
global	 land	 -	 ocean	 evalua:on	 of	
as	many	uncertainty	sources	as	we	
can	
•  	 Further	 Inves:gate	 uncertainty	








e)  Cloud	 contamina:on	 or	 enhanced	 radia:on	 in	
vicinity	of	clouds	
	






•  Uncertainty	 from	error	 in	 ancillary	 data	 /	 gas	
absorp:on	correc:on	is	lowest	here	
•  Un c e r t a i n t y	 f r om	 s u r f a c e	 a l b e d o	
approxima:on	 is	 nearly	 double	 that	 from	
standard	devia:on	of	reﬂectance	within	10	km	
retrieval	region		
•  Largest	 uncertainty	 in	 over	 Ocean	 AOD	





•  We	 have	 characterized	 AOD	 uncertainty	 at	
550	 nm,	 due	 to	 standard	 devia:on	 of	
reﬂectance	 in	 10	 km	 retrieval	 region,	
uncertainty	 related	 to	 gas	 (H2O	 ,	 O3)	
absorp:on	 ,	 surface	 albedo	 ,	 and	 aerosol	
models		
•  The	uncertainty	in	retrieved	AOD	seems	to	lie	




•  Compared	 to	 C6	 AOD,	 a	 retrieval	 omibng	
observa:ons	in	the	vicinity	of	clouds	(≤	1	km)	
is	biased	by	about	±	0.05	
•  For	 homogeneous	 aerosol	 distribu:on,	 clear-
sky	retrievals	show	near	zero	bias	
•  Close	 look	at	per-pixel	reﬂectance	histograms	
suggests	 retrieval	 possibility	 using	 median	
reﬂectance	values	










clearly	 the	 performance	 of	 the	 algorithm	 is	 diﬀerent	 over	
diﬀerent	regions	and	seasons	
•  For	 most	 data-points	 within	 the	 EE	 envelope	 (dashed	 lines),	
the	uncertainty	is	within	EE	of	retrievals	over	ocean		
•  For	 retrievals	 with	 high	 uncertainty,	 the	 AERONET	 AOD	








Schematic of One MODIS Granule 
Using Cloud Pixel Distance 
τ0 
τ20 
•  We have observations at 500 m, & 
•  Distance of every 500m pixel from a cloud  
We do the following calculation to estimate cloud 
contamination 
 
τ0    :  ALL pixels used in C6 





If C6 AOD retrieval has cloud contamination :  





•  Dust seen around the Dakar station 
•  Broken cloud fields co-exist 
•  MODIS AOD retrieval is of  
      Low Quality ( QA = 0)  
      Cloud Fraction = 0.7 
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•  Closely	 examining	 reﬂectance	 sta:s:cs	 of	 reﬂectance	 near	 and	 far	 from	
clouds		






2 5 - 7 5 % , 	 a n d	
ca l cu la tes	 mean	
reﬂectance	 (Filtered	
reﬂectance)	
•  Here	 we	 examine	
AOD	 retrieved	 from	
Filtered	 (C6_AOD)	
v s . 	 U n ﬁ l t e r e d	
reﬂectance	
•  AOD	diﬀerence	 in	 (i)	
Clear-sky	 areas	 is	
less	 than	±0.004	 	 (ii)	
Cloudy	 regions	 is	
mostly	within	±0.05	







L1B RGB Image to East of Africa  
 
Aerosol Optical Depth (0.55 µm) 
 
C6_AOD – Unfiltered_AOD AOD Difference Histogram 
Reﬂectance	vs	Cloud	Pixel	Distance	Cloud	Pixel	Distance	
•  Looking	 at	 histograms	 of	 few	 pixels	 with	 good	 and	 bad	 AOD	
retrievals,	shows	that		
•  Reﬂectance	histogram	of	Clear-sky	pixels	 	 is	 guassian	à	 same	
means	in	table	above	
•  Reﬂectance	histogram	of	Cloudy	pixels	 is	 skewed	à	 ﬁlter	 cut-
oﬀ	will	govern	high	/	low	bias	in	AOD	
Good Pixel, Cloudy












Low spread = 0.00103445
Filtered spread = 0.000517223
High spread = 0.000598893
Cloud Fraction = 0.677500
Good Pixel, Clear












Low spread = 0.000980005
Filtered spread = 0.000517227
High spread = 0.000898339
Cloud Fraction = 0.00000
Bad Pixel, Cloudy













Low spread = 0.00163334
Filtered spread = 0.00168779
High spread = 0.00702338
Cloud Fraction = 0.600000
Aerosol Optical Depth 
Bad Pixel, 
Cloudy 
Good Pixel, Cloudy 
Good Pixel, 
Clear 




Figure	 2	 Comparison	 of	 AOD	
and	 its	 uncertainty	 over	
AERONET	 sta:ons	 falling	 in	W.	
Africa	 is	 shown	 for	 4	 months	
(colors	 blue-red)	 of	 2010.	 The	
ver:cal	 lines	 in	 the	 plots	 are	
the	 total	 absolute	MODIS	AOD	
uncertainty	 from	 4	 listed	
sources.	 The	 horizontal	 lines	
are	 the	 standard	 devia:on	 of	
AERONET	 AOD	 averaged	 over	
± 3 0	 m i nu t e s	 o f	 MOD I S	
overpass.	Diﬀerent	symbols	are	





L1B RGB Image to East of Africa                                                               550 nm AOD 
 
Dakar 




AOD Difference (0.55 µm) 
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